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[57) 'ABSTRACT

The present invention relates to a method and apparatus
for mono-crystalline growth of a dissociative com-
pound semiconductor. The method, which is based on
the Czochralski method, includes the following steps.
First, a first volatile component material and second
material of the dissociative compound semiconductor
are prepared The first material is placed on the bottom -
of an inner air-tight vessel which is contained in an
outer air-tight vessel. The second material is contained
in a crucible supported in the inner vessel by a lower
shaft extending from the inside to the outside of the
inner vessel. The first material is, next, heated for evap-
orating so as to react with the second material. There-

fore, the dissociative compound semiconductor 1s syn-
- thesized in the crucible. Then, temperature of a furnace

instalied on the inner vessel is adjusted so that the pres-
sure of the gas of the first volatile component material in
the inner vessel is controlled. A single crystal is pulled
up from the melt by an upper shaft extending from
inside to outside of the inner vessel, thereby the single
crystal is grown. The improvement is that the pulling-

up step includes the steps of: measuring the weight of
~the growing crystal, the weight influenced by a differ-
- ence between the interior pressure of the inner vessel

and a pressure outside of the inner vessel; correcting the
measured weight of the crystal for the error due to the

- pressure difference, thereby obtaining an accurate esti-
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mate of the we1ght of -the crystal; and controlling a
diameter of the growing crystal on the basis of the

- weight estimate of the crystal.

11 Claims, 3 Drawing Sheets
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METHOD FOR MONOCRYSTALLINE GROWTH
~ OF DISSOCIATIVE COMPOUND
~ SEMICONDUCTORS -

BACKGROUND OF THE INVENTION

The present invention relates to a method and appara-
tus to grow a single crystal of a dissociative compound
semiconductor, controlling the pressure of a volatile
~component gas. Dissociative compound semiconductor
includes, for example, III—V group compounds such as
GaAs, InP, or GaP which are compounds of a volatile
component (Vth group such as As or P) and a non-
volatile second component (Illrd group such as Ga or

In). GaAs is taken hereinafter as an example, but the

present invention is possible to apply for other dissocia-
tive compounds.

Japanese Patent Application Publication (kokai) No.
60-255692 discloses an example of an apparatus which is
used in the Czochralski method for mono-crystalline
growth of a dissociative compound semiconductor.

With reference to FIG. 1, the apparatus of the Japa-
nese Appllcatlon Publication for mono-crystalline
growth has an inner air-tight vessel constituted by an
upper vessel portion 1 with an observation scope 9 and

10

15

20

2

However, in this method, the upper shaft § receives
an extra force from the difference between the inner

- pressure of the air-tight vessel and the pressure of the

outer atmosphere. Such pressure difference arises when
the two atmospheres partitioned by the inner vessel
wall can not be balanced precisely and when a small
periodical change of temperature exists on the inner
vessel wall. And the output signal of the load cell corre-
sponds to the summation of the true crystal weight and
the extra force due to the pressure difference. If the
pressure difference fluctuates, the output signal is
spoiled by noise. It therefore becomes impossible to
accurately control the crystal diameter. -

SUMMARY OF THE INVENTION

In order to solve such problems, it is therefore an
object of the present invention to provide a method for -
mono-crystalline growth of a dissociative compound
semiconductor with accurate diameter-control of the
growing crystal, without loss of the air-tightness of the
apparatus.

It is another object of the present invention to pro-
vide an apparatus for mono-crystalline growth of a

- dissociative compound semiconductor with accurate

25

a furnace 10 for controlling arsenic gas pressure, and a -

lower vessel portion 2. A circumferential joint portion
3, at which the upper vessel portion 1 and lower vessel
portion 2 are joined, contains sealing material 7 such as
B,03 which can be melted as a liquid seal at high tem-

perature. Heaters 11 are mstalled SO as to surround the

air-tight vessel.

- Theinner vessel is supported on a pushing-up shaft 13
and a coil spring 8 which is inserted lntermedlately in

‘the pushing-up shaft 13. A lower shaft 14 is installed

through the pushing-up shaft 13, and has a crucible 4

which is laid on the end of the lower shaft 14. An upper

shaft 5 penetrates an upper wall of the upper vessel

portion 1. |

- Sealing portlons 15 to keep the vessel air-tight are

‘installed at a portion at which the upper shaft § slides

30

35

through the upper vessel portion 1; and at a portion at

which the lower shaft 14 slides through the lower vessel
portion 2, so that the atmosphere within the inner vessel
is isolated from the outer atmosphere. The sealing por-
- tions 15 consist of material such as B>O3 which can be
melted at high temperature. |

With such construction, galllum 1S placed in the cru-
cible 4. The whole apparatus is then evacuated and the
inner vessel is sealed by pushlng up the lower vessel
portion 2. The heaters 11 are next turned on to vaporize
the arsenic. Then, the temperature of the furnace 10, at
which temperature is lowest on the inner vessel wall, is
adjusted so that the vessel is filled with arsenic gas at a
prescribed pressure. Arsenic gas reacts with galhum in

the crucible 4, thereby GaAs melt is produced in the

crucible 4. . | o |
- A GaAs seed fixed at an end of the upper shaft 5 1s
dipped into the GaAs melt. The upper shaft § is pulled

up while rotation of the shaft 14 about its axis. Conse-

 quently, a single crystal 6 of GaAs can be obtained.
During pu]lmg up the upper shaft 5, a load cell (not

45
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diameter-control of the growing crystal, without loss of
the air-tightness of the apparatus.

According to the present invention, the method for
monocrystaline growth of dissociative compound semi-
conductor, which is based on the Czochralski method,
includes the following steps.

First, a first volatile component material and second
material of the dissociative compound semiconductor
are prepared. The first material is placed on the bottom
of an air-tight vessel. The second material is contained
in a crucible in the air-tight vessel. The crucible is sup-
ported by a lower shaft extending from the inside to the
outside of the air-tight vessel.

The first material is, next, heated for evaporating so
as to react with the second material in the crucibie.

‘Therefore, the dissociative compound semxconductor 1S

synthesized in the crucible.

Then, temperature of a furnace installed on the air-
tight vessel is adjusted so that the pressure of the gas of
the first volatile component material in the air-tight
vessel is controlled. o | |

- A single crystal is pulled up from the melt by an
upper shaft extending from inside to outside of the air-
tight vessel, thereby the single crystal is grown.

The improvement is that the pulling-up step includes
the steps of: measuring the weight of the growing crys-
tal, the weight influenced by a difference between the

" interior pressure of the inner vessel and a pressure out-

55

shown) which is connected to the upper shaft 5 detects

the change in the weight of the single crystal 6. The
change of the weight is transmitted to a computer (not
- shown), which controls the power of the heaters 11 so
as to control the diameter of the growing single crystal.

65

side of the inner vessel; correcting the measured weight
of the crystal for the error due to the pressure differ-
ence, thereby obtaining an accurate estimate of the
weight of the crystal; and controlling a diameter of the
growing crystal on the basis of the weight estlmate of
the crystal.

The apparatus of the present invention for monocrys-
taline growth of dissociative compound semiconductor

‘comprises an outer air-tight vessel having a top and

bottom wall. |

An inner air-tight vessel is placed in the outer vessel.
The inner vessel has a top and bottom wall. |

A furnace is installed on the inner air-tight vessel for
controlling pressure of a gas of a first volatile compo-
nent material of the dissociative compound semloon-

ductor.
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" A lower shaft of a circular cross section penetrates
alr-tlghtly the bottom walls of the outer and inner ves-
- selsin a vertical direction. The lower shaft which has an

~ axis in a vertical direction is movable in a vertical direc-
 tion and rotatable about the axis thereof.
- A crucible, for containing a second matcnal in which
~a melt of the dissociative compound is synthcsrzcd by
reaction with said gas of said first material, is disposed
- in the inner vessel and supported by the lower shaft.
'Heating means are installed, which are adequate to
~ give a desirable. tcmperature distribution on the inner
vcsscl wall.

An upper shaft pcnctrates atr-ttghtly the top walls of

. the nng]e crystal The upper shaft which is of a circular

. cross section having an axis in a vertical direction is
- ‘movable in a. vemcal dtrectton and rotatablc about the

axis thereof. |
A first load cell is dtsposcd on thc outer vessel for

detectlng the weight of the growing crystal. The weight
- is influenced by a difference between the interior pres-
~ sure of the inner vessel and the pressure outside of the

inner vessel.

A second load cell is disposed on the outer vessel for

correcting the weight of the growing crystal for the
error due to the pressure difference.

~ According to the present 1nvcntton, the first load cell
- detects the weight of the growing crystal influenced by

vessel and the pressure outside of the inner vessel. The
~ second load cell corrects the measured weight for the
pressure difference. Therefore, the weight of the grow-
ing crystal is corrected to an accurate value. Then, the
~ diameter of the growing crystal can be controlled accu-
rately and. automattcally by controlling the power of

~the heating means in a feed-back way on the basis of the

accurate wclght-valuc

5

10

g ;the outer and . inner vessels in a vertical direction above
~ the crucible, for pulling the single crystal upward from

o 15
~ the melt of the dissociative compound, thereby growing

20

25

30

the difference between the interior pressure of the inner |

35

40

BRIEF DESCRIPTION OF THE DRAWINGS

FIG 1is a srde clcvatton showing an apparatus of
prior art

FIG.2isa srde elevation showing an apparatus of a

first embodiment of the present invention.

'FIG. 3 is a side elevation showing an apparatus of a

second embodiment of the present invention.

' DETAILED DESCRIPTION OF THE
' PREFERRED EMBODIMENTS

~ Various preferred embodiments of the present inven-
tion will be described hereinafter with reference to the

i accompanying drawings.

FIRST EMBODIMENT

" FIG. 2 depicts an apparatus used for growth of a
- single crystal of a dissociative compound semiconduc-
tor according to a first embodiment of the present in-
vention. |
" The apparatus compnscs an outer vessel 20 closed-
r-ttghtly and an inner vesse] 22 contamed in the outer

vessel 20.

45
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tion, and joinning a joint portlon 48 which will be de—
scribed later on.

A through-hole is formed through a bottom wall of
the outer vessel 20. A pushing-up shaft 24 with a ﬂangc
portion 26 to move the lower portion 46 of the inner
vessel 22 is installed in the vertical line in such a manner

that a rod portion thereof is inserted slidably and air- - "
tightly in the through -hole of the outer vessel 20; and
‘the flange portion 26 is disposed under the lower por-

tion 46 of the inner vcsscl 22. The pushing-up shaft 24

‘has a spring suspension mechanism 28 mtcrmedtatmg In

the rod portion thereof.
A lower shaft 30, which is surrounded by a sheath 31,

from the point of view of temperature distribution.

An uppcr shaft 36 surrounded by a sheath 38 is in-
“stalled in the vertical line so as to penetrate air-tightlya
top (not shown) of the outer vessel 20. An end of the
upper shaft 36 extcnds into the inside of thc mncr vcsscl -

22,

upper vessel portion 40 and lower vessel portion 46 are
joined, contains a sealing material 50 such as B2O;

which can be melted as a liquid seal at high tempera-
ture. Upper and lower heaters 52 and 53 are installed in |
the outer vessel 20 so as to surround the inner vessel 22.
Sealing portions 54 to give the inner vessel 22 air- -
tight seals for the movable shafts 30 and 36 are installed

at a portion at which the upper shaft 36 slides through

the upper vessel portion 40; and at a portion at which -
the lower shaft 30 slides through the lower vessel por-

tion 46. The sealing portions 54 are also of material such
as B>O3; which can be melted at high temperature.
Therefore, the upper shaft 36 and the lower shaft 30 can
rotate and move along a vertical direction freely keep-

ing the inner vessel air-tight.

An upper load cell (first load cell) 56 is connected to
‘the upper shaft 36 and the housing of the upper load cell
56 is connected to the sheath 38. Similarly, a lower load

cell (second load cell) 88 is connected to the lower shaft
30 and the housing of the lower load cell 58 is con-

nected to the sheath 31. The upper and lower load cells

56 and 58 are connected to a computer 60 via A/D

50

55

converters 62 and 64, respectively. |
Therefore, output signals of the upper and lower load

‘cells 56 and 58 are transmitted to the A/D converters 62
and 64, and converted to digital signals by the A/D

converters 62 and 64. The digital signals are received by,

the computer 60 which calculates the weight of the -
growing crystal. The computer 60 controls the power

of the lower heater 33 so as to control thc crystal-dlam—

eter.
In the above-constructton both of the upper shaft 36

and lower shaft 30 are of circular cross-secttons but

have different diameters. |
- With such construction, galllum is placed in the cru-

cible 34 and solid arsenic is placed on the bottom of

~ lower vessel portion 46. The whole apparatus is then

- The mner vessel 22 i is constituted by an upper vessel

~ portion 40 which is installed with an observation scope -
65

42 and a furnace 44 for controlling the arsenic gas pres-

evacuated. The joint portlon 48 is made tight by press-

~ ing up the lower vessel portion 46 so as to make inner

sure, and a lower vessel portion 46. The inner vesse]l 22

1s also closed air-tightly with pushing up the lower
vessel portion 46 which is movable in a vertical direc-

vessel isolated from the outer atmosphere.

Then, the lower heater §3 and upper heater 52 are
- turned on to increase the temperature to vaporize the .

arsenic gas. At the same time, the temperature of the

A circumferential Jomt portlon 48, at which the

is also inserted through the pushing-up shaft 24 there- -~ .= 4
along. The lower shaft 30 further extends into the inside =~
~ of the inner vessel 22 and supports a receptaclc 32 oimal
- which holds a crucible 34. The crucible 34 is able to be

located in a desirable position in the inner vessel 22,
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furnace 44 is adjusted so that the inner vessel 22 is filled

with arsenic gas at a prescribed pressure, while the

outer vessel 20 is filled with an inert gas at a prescribed
pressure for balancing the pressure within the inner
vessel 22. Arsenic gas reacts with gallium in the cruci-
ble 34, thereby GaAs melt 66 is synthesized in the cruci-

ble 34.
A GaAs seed fixed at the ]ower end of the upper shaft

‘36 is dept into the melt 66. The upper shaft 36 is pulled,
with rotation about its axis. Consequently, a single crys-
tal 68 of GaAs can be grown.

3

10

During pulling the upper shaft 36 upward, the load

cell 56 connected to the upper shaft 36 detects the
change of weight of the single crystal 68. At that time,
the load cell 58 connected to the lower shaft 30 detects

the change of weight of the GaAs melt 66. The changes

of the weight signals are transmitted to the computer 60,
which makes feed-back control of the power of the
lower heater 53 so as to control the diameter of the
growing single crystal. |

With such a method, the dlsadvantage of the conven-
~ tional method, that is, the inaccuracy in the measure-
ment of the weight of the growing crystal, caused by
" the difference between the pressure in the inner vessel
and the pressure in the outer atmosphere, 1s solved, so

15

20

25

that the diameter of the growing single crystal of the

compound semiconductor is accurately controlled.
The principle of the method is represented by the

following formulae:
WI.—_m-}-APX#)_(R]Z ' . (.1)

Wy =wy— APX 1 X R2%

2)

30

where AP is the pressure difference, R is the radius of 35

the upper shaft 36, R is the radius of the lower shaft 30,

‘W is the measured weight of the growing crystal and

the tare measured by the upper load cell 86, wy is a true
weight of the growing crystal and the tare, W3 is the
measured weight of the GaAs melt 66 and the tare
measured by the lower load cell 58, and w3 is a true
weight of the melt and the tare. Since the sum of w; and
“w> is constant, the above formulae can be re-written as

follows:

w=w]+ w2 (3)
_Rﬁx W2+R22)< W]=W]XR22+HQXR12 4)
where w is a constant. Therefore,

wi={(W2= W)X Ri2+ W) X R22}/(R22—~Ri?) (5)

In formula (5), Ri and R are substltuted as the follow-
ing formula: |

Ry=kXR; (6)

where k is a constant. Therefore,

wy=(k2X Wy 4 Wy —w)/(k2—1) )
Accordingly, with reference to formula (7), accurate
weight w; of the growing crystal and the tare can be

calculated from Wj and Wj.
On the basis of the estimate of the welght wi, the

diameter of the growing single crystal can be controlled

accurately and automatically by means of the computer
60 to control the power of the heater §3.

45

50

35

65

. 6
 EXAMPLE 1

An experiment for growing a single crystal was done
with the above apparatus with the pulling-up speed of
the upper shaft 36 at 5 mm/hour, the rotation speed of
the upper shaft 36 at 5 r.p.m., and the rotation speed of
the lower shaft 30 at 5 r.p.m.

The produced single crystal was of a 80 mm diameter
and of a 100 mm length. The deviation of the diameter

was small, in a range of 1 mm.

SECOND EMBODIMENT

FIG. 3 depicts an apparatus used for growth of a
single crystal of a dissociative compound semiconduc-
tor according to a second embodiment of the present
invention. In FIG. 3, the same numerals are attached to

the same elements as in FIG. 2, so the description of the

elements is omitted.

 The lower shaft 30 is also inserted through the push-
ing-up shaft 24 in the second embodiment, however,
without the sheath 31 in FIG. 2 and is not connected to -
the load cell 58.

' A through-hole 1s formed so as to penetrate through
the bottom of the lower vessel portion 46, the flange

portion 26 of the pushing-up shaft 24, and the bottom of

the outer vessel 20. A detecting bar 70 for detecting the
difference between the interior pressure of the .inner
vessel 22 and the atmosphere pressure is inserted in the
through hole, so that the upper end of the bar 70 extends

“into the inside of the inner vessel 22 and the lower end

of the bar 70 is connected to a second load cell 72. The
housing of the second load cell 72 is linked to the outer
vessel 20 with a sheath 74 in which the detecting bar 70
is inserted.

On the bottom of the lower vessel portion 46, a seal
78 is formed so as to make the detecting bar 70 air-tight
and movable freely in a vertical direction as with the

sealing 54.
The second load cell ‘72 is connected to the computer

60 via an A/D converter 80. The output signal of the

load cell 72 is transmitted to the A/D converter 80, and
converted to a digital signal by the A/D converter 80.

The digital signals from the A/D converter 80 and
the A/D converter 62 are received by the computer 60
which calculates the weight of a growing crystal. The
computer 60, which further calculates a diameter of the
growing crystal on the basis of the estimate of the
weight, controls the power of the heater 53 so as to
control the crystal diameter.

In the above construction, both the upper shaft 36
and detecting bar 70 are of circular cross-sections; and
the shaft 36 and bar 70 may have different dlameters or

they may have the same diameter.

With such eonstructaon, gallium is placed in the cru-
cible 34 and solid arsenic is placed on the bottom of the
lower vessel portion 46. The whole apparatus is then
evacuated. The joint portion 48 is made tight by push-
ing up the lower vessel portion 46 so as to make mner
vessel 22 isolated from the outer atmosphere.

Then, the lower heater 53 and the upper heater 52 are
turned on to increase the temperature to vaporize the
arsenic. At the same time, the temperature of the fur-

‘nace # is adjusted so that the inner vessel is filled with

arsenic gas at a prescribed pressure, while the outer
vessel 20 is filled with an inert gas at a prescribed pres-
sure. Arsenic gas reacts with gallium in the crucible 34,
thereby GaAs me]t 66 S synthesmed in the crucible 34.
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A GaAs seed fixed at the lower end of the upper shaft
36 is dipped into the melt 66. The upper shaft 36 is
pulled upward while rotating about its axis. Conse--
quently, a single crystal 68 of GaAs can be grown.

During the pulling the upper shaft 36 upward, the 5

first load cell 56 connected to the upper shaft 36 detects

- the change of weight of the single crystal 68. At that
time, the second load cell 72 connected to the detecting
‘bar 70 detects the difference between the interior pres-

- - sure of the inner vessel 22 and the atmosphere pressure. 10

The change of the weight is transmitted to the com-
puter 60, which makes feed-back control of the power
of the lower heater 53 so as to control the diameter of

the growing single crystal.
With such method, the dtsadvantage of the conven- 15

- tional method, that is, the Inaccuracy in the measure-

ment of the weight of the growing crystal, caused by
the pressure difference, is solved, so that the diameter of
the growing single crystal of compound semlconductor

is accurately controlled. 20
The principle of the method is represented by the |

followmg formulae

Wi=w +APXEXRE o (8)

. - 25
Wy=wy—APX 1 X R3? Y

where AP is the pr_essure diff‘erence,--Rl is the radius of
the upper shaft 36, R is the radius of the detecting bar

70, W is the measured weight of the growing crystal 30.
and the tare measured by the first load cell 86, wiisa

"~ true weight of the growing crystal and the tare, W3 is

“the measured weight measured by the second load cell
72, and w: is a true weight on the Joad cell 72.

Form_ula.e (8) and (9) are rewritten as follows: 35

| | - i0
w X AP = (w2 — W2)/R? (10

= (W; — w))/Ry?

. _ 40
wy = Wi+ (W2 — w)) X R12/R22 | (11) |
In formula (11), R; and R, are substltuted as the follow- _-
ing formu]a . - | |
. Ri=kyxRy _ _ ay ¥
where ki is a constant. Therefore,
m=Wi+(W—w)xk? W) o
w1=W1+k12_><-W2+c1 | (14)

-~ where c; is a constant.

. Accordingly, with reference to formula (14), accu-

rate weight wj of the growing crystal and the tare can 55

be calculated from Wiand Ws.
On the basis of the estimate of the weight w), the

_' .- dlameter of the growing single crystal can be controlled
accurately and automatically by means of the computer

- 60 to control the power of the heater 53. 60

In the above construction and FIG. 3, the deteotlng |
bar 70 is provided to the bottom of the outer and inner
vessels 20 and 22; and the second load cell 72 is pro-

~ vided beneath the vessels. However, the detectlng bar

70 can be installed to the top of the outer and inner 65
vessels 20 and 22; and the second load cell 72 can be

‘equipped above the vessels.
-~ In that case, wi is calculated as follows:

8
w1=WI-(W2—_n';)xk12 o . (15)
w1==W1-k12>_< Watcz | _. (16)
-where Cyis a oonStaﬁt.
EXAMPLE 2

~ An experiment for obtaining a single crystal was done
with the above apparatus shown in FIG. 3 with the
pulling-up speed of the upper shaft 36 at 5 mm/hour, the
rotation speed of the upper shaft 36 at 5 r.p.m., and the
rotation speed of the lower shaft 30 at 5 r.p.m.
~ The produced single crystal was of a 80 mm diameter
and of a 100 mm length. The deviation of the diameter
was small, in a range of =1 mm.

What is claimed is:

1. A method for monocrystalme growth of dissocia-

tive compound senuconductor ‘the method mcludmg _

the steps of: | .
(a) preparing a first volatile component matenal and

second material of the dissociative compound semi-

- conductor, the first material being placed on the
bottom of an air-tight vessel, the second material
“being contained in a crucible in the air-tight vessel,

~ the crucible supported by a lower shaft extending
from the inside to the outside of the air-tight vessel;
(b) heating the first material for evaporating the first

material to make the first material react with the _ |

second material in the crucible, thereby synthesn- |

~ing the dlssocxatwe compound semlconductor in

. thecrucible; -~ S

(c) adjusting the temperature of a furnace mstalled on
‘the air-tight vessel so as to control the pressure of
a gas including the first volatile component mate-

~ rial in the air-tight vessel; and

(d) pulling up a single crystal from said melt by an
~ upper shaft, the upper shaft extending from inside
~ to outside of the air-tight vessel, thereby growmg
the smgle crystal; said method characterized in that
said pullmg-up step comprises the steps of: | |

(e) measuring the weight of the growing crystal, the

- weight influenced by a difference between the
interior pressure of the inner vessel and a pressure
outside of the inner vessel;

(f) correcting the measured weight of the crystal for -
the  error due to the pressure difference, thereby
obtaining an accurate estimate of the weight of the
crystal; and -

- (g) controlling a diameter of said growing crystal on
the basis of said weight estimate of the crystal. |

2. A method accordmg to claim 1, wherein said con-

trolling step comprises controlling a heating means, the
heating means producing an adequate temperature dis-

tribution in the alr-tlght vessel, thereby controlhng the

diameter of the growing crystal. |

3. A'method according to claim 2, wherein said upper
shaft and said lower shaft are of circular cross sections,
the upper shaft and the lower shaft having different
diameters from each other, a first load cell being con-
nected to the upper shaft, a second load cell being con-
nected to the lower shaft, said measurmg step being -

~done by the first load cell.

‘4. A method according to claim 3, wherem sald sec-
ond load cell detects the weight of the melt in said
crucible, the weight being influenced by a difference
between the interior pressure of the air-tight vessel and
a pressure outside of the inner vessel.
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5. A method according to claim 2, wherein a detect-
ing bar penetrates air-tightly the wall of the air-tight
vessels, a first load cell being connected to the upper
shaft, a second load cell being connected to the detect-
ing bar, said measuring step being done by the first load
cell.

6. A method according to claim 5, wherein said sec-
ond load cell detects the weight supported by the de-
tecting bar, the weight supported by the detecting bar
being influenced by a difference between the interior
pressure of the inner vessel and a pressure outside of the
inner vessel. |

‘7. An apparatus for monocrystalme growth of disso-
ciative compound semiconductor, the apparatus com-
prising: : -

(a) an outer air-tight vessel having a top and bottom

-wall;

(b) an inner air-tight vessel placed in the outer vessel,
the inner vessel having a top and bottom wall;

(c) a furnace installed on the inner air-tight vessel for
controlling the pressure of a gas including a first
volatile component material of the dissociative
compound semiconductor;

(d) a lower shaft of a circular cross section, the lower

15,074,953
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shaft having an axis in a vertical direction, the

lower shaft being movable in a vertical direction
and rotatable about the axis thereof, the lower shaft
penetrating air-tightly the bottom walls of the
outer and inner vessels in a vertical direction; =

(e) a crucible for containing a second component
material of the dissociative compound semiconduc-
tor in which a melt of the dissociative compound is
synthesized by reaction with said gas of said first
material, the crucible disposed in the i inner vessel
and supported by the lower shaft; |

(f) heating means being adequate to give a desirable
temperature distribution of the inner vessel; tem-
perature distribution of the inner vessel;
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(g) an upper shaft for pulling a single crystal upward
from said melt of the dissociative compound,
thereby growing the single crystal, the upper shaft
being of a circular cross section having an axisina
vertical direction, the upper shaft being movable in

a vertical direction and rotatable about the axis
thereof, the upper shaft penetrating air-tightly the
top walls of the outer and inner vessels in a vertical
direction above the crucible;

(h) a first load cell disposed on the outer vessel for
detecting the weight of the growing crystal, the
weight being influenced by a difference between
the interior pressure of the inner vessel and a pres-
sure outside of the inner vessel; and

(1) a second load cell disposed on the outer vessel for
correcting the weight of the growing crystal for

the error due to the pressure difference, thereby
correcting the weight of the growing crystal. -

8. An apparatus according to claim 7, wherein said

upper shaft and said lower shaft have different diame-
ters from each other, said first load cell being connected
to the upper shaft, said second load cell bemg connected

to the lower shaft.

9. An apparatus according to claim 8, wherein said
second load cell detects the weight of the melt in said
crucible, the weight being influenced by a difference
between the interior pressure of the inner vessel and a
pressure outside of the inner vessel.

10. An apparatus accordmg to claim 7, wherein sald -
apparatus further comprises a detectmg bar penetrating
air-tightly the walls of the outer and inner vessels, said
first load cell being connected to the upper shaft, said
second load cell being connected to the detecting bar.

11. An apparatus according to claim 10, wherein said
second load cell detects the weight supported by the
detecting bar, the weight being influenced by a differ-
ence between the interior pressure of the inner vessel

and a pressure outside of the inner vessel.
* * x % %
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